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On  the  afternoon of September 6, 1960, hurricane Donna 
presented a striking  picture on the radarscope of a 1J.S. 
Navy hurrimne  reco~~nai~sttnce  aircraft as illustrated 
by figure 1. The  s t rwture of the inner portion of the 
storm  as  indicat’ed by the radar w m  very  unusual  in t h t t  
not  only was the exact center of the  storm  clear of precipi- 
tation echoes but t’here was also a relatively wit l t .  ring  in 
the  storm  interior  with  little  or  no radar return.  Descrip- 
tions of the  core of this storm given to  the p r e s  followirlg 
the flight led t’o newspaper  stories of a “double e y , ”  and 
a t  least  one  newspaper  headline  referred to “two-q.ed” 
Donna.  These  wcounts were misleacling  since they  failtd 
to mention  that’  the “eyes” were concentric. Irr the 
transmitted  weather  reports,  the  storm  core n-as dcscrihrtl 
in terms of two concentric w:dl clouds and t he  iuncr 
diameter of each of the radar rings was given. A H  will 
be discussed  below, this  “double eye” structurc  pcrsisttd 
for at  least several  hours t1nd co~~rlections  l~ct~v-ccn  tllc 
inner  and  outer  rings, if present’, werc very wrak. At tht’ 
tinre of the  photmogrnplls  presented  in  this note, I~urr ic ;~nc~ 
Donna was located  at t1pproxirn:rtely 21.5’ N., 69.5’ \IT., 
t~nd  MUS moving t o w w d  tllc mest-northwest a t  :L sp(wl of 
about 8 k t .  

A low-level pwctration of the  storm  core w:~s :ittcn;ptctl 
from  the  south-southwest shortl3- after t h c  timc of t h c b  

photograph  presented  in  figure 1. The  aircraft TWS 

a t  an altitude near 1,000 feet and prwetratetl to :I poitlt 
about’ 32 miles from the center of the inner rirlg or just 
outside  the edge of the  outer ring. At this  point tlrc. 
pcnetr:ttion ut tcn~pt  was ahantlolled because of csccssivcl 
engine  cooling clue to the ?re:1v3- rtlin. S u r f : ~ c ~  wind  speed 
cstim.ates lmxd 011 the  state of the scw re:~c.lled 1 0 0  kt.  
at’ 45 miles from  tllc  storm  ctwter :mtl the  m:nirnurn v : r l u c  
was cntered as “120+”. The cerltrul sett ltvel p r c ~ ~ u r c  
of the st’orm at  this  time was near 940 mb. 

A pl1otogr:lph of the scope of the  vcrticxlly sc:lnrlirlg 
rnd:w talrrn  during  tllr  :tttr.mpted low-level  penetr:Ition 

Jacksonville, Fla. 
1 Of the  Airborne  Early  Warning  Squadron  Pour  then  locntcd  at  the Saval Air  Station, 

2 The aircraft  was of the Super Constellation typc, U.S. Xnvy designation TVv-3 .  
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FIGURE 2.-A photograph of the range-height  scope of the AI’S-15 
radar  in  a L.S. Navy  hurricane recollmaissanee aircraft, taken 
about 30 minutes  after figure 1 .  Hcight is shown on the vertical 
scale and  slant  range  from  the  aircraft  on  the  horizontal scztle. 
The  aircraft was at  a relative  position  given  approximately by 
“x”  on figure 1 and was at  an  altitude of about 1,000 f t .  Thc, 
view is directly  across the  storm  center  toward  the rlorth-nort,h- 
east.  The APS-45 is an X band  radar (3.2 cm.) with  a  prak 
power of 450 kilowatts.  The  beam  width,  as defined  by thc 
half-power points, is approximately 3.0’ in  the  horizontal  and 
1.0’ in  the  vertical. 

(fig. 2)  gives  additional  information  on  the  structure of 
the  storm core. This  range-height view, t’aken from a 
relativc  position  indicated by  the “x” in figure 1, W:LS 

directed across t’lle eye from  sout’h-southwest  toward 
north-northeast. The cross-section of tlle  inner  ring is 
clearly  shown but,  because of nt~tenuation,  tllc  outer ring 
on the  opposite  side is barely  discernible.  This  radar,  the 
APS-45, is  subjeci  to  much  greater  attenuation tl1:tn the 
APS-BOE, from  which  figure 1 was obtained, t1ec:tuse of 
the  shorter  wavelength  which is used. The  itrncr ~ 1 1 1  
cloud  is shown  on  the  range-height  scope as nearly vc1rtic:ll 
and  the echoes  extend  above :30,000 f t .  The tlittnlctcr of 
this  inner "eye" varied  from  tlbout 10 miles at  the lower 
level t o  about 1 3  milcs :it’ the high  levcls. 

The  “clear”  zone  between the inner and outcr  rings on 
figure, 2 is  confused  t’o some extent  on the side  rlcsrcst the 
aircraft’ by  return  from  tlle sea which  shows up irl the 
form of a horizontal  fa~nshaped pt1t.ter.n. The sm:lll faint 
echo in the “clear” sp:tce on the far side of the  inner  ring 
should  perhaps be associated  with  the  small cc*lio in the 

’FIGURE :<.-A photograph of the plan-position  scope of the APS-45 
radar  taken  at  approximately 2215 CMT, September 6, 1960. 
The  aircraft was at   the position  indicated  by  the “+” and at 
an  altitude of about 8,XOO ft. The 20-mile and 40-mile range 
circles to  the  southeast of the  center  and  the 60-mile  circle in 
the Irorth-rlorthcast  sector  can be seen  faintly. 

same region on figure 1. The  time difference of the t,wo 
photographs is only  ahout’ 30 minutcs. 

1 he rttd:tr appcar:mce of the inner  ring was more  charac- 
tcristic of convective  type cclroes than tllc  outer one and 
it cstcnclcd to somc:what grcatcr heights. The maximum 
height of the inner  ring  during  the  several  hours  that it 
could he swn on  this flight’ was about’ 45,000 ft., while 
thc clouds  forming  the outcr ring  appeared  to be more 
strtitiforrn  in c1rnr:tcter and  gradually  died  out  on the 
rtttrge-heiglrt scope above 30,000 f t .   In  view of the 
grcntcr  strength : t n d  height of t h e  inner echo, it could be 
;Lrguctl thttt, a t  this  time,  the inner radar  ring  should  be 
consi<ltrrd as thc true  wd1 cloud of thc eye. 

Following t he  low-level pcnctrution  at’t’empt, a climb 
to the 700-rnb. level was made and the storm core was 
pcnetrated from the  northeast  wit’h  relatively lit’t’le diffi- 
cult’)-. The space bct’wcen the  radar rings was free of 
clouds  in a 1ayc.r wlricll WRS estirmt~ecl to  extend  from 
about’  3,000 f t .  to  about 25,000 f t .  However, only a 
limited area was visible  during t’lw penetration  and, un- 

r ,  
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fortunately,  the  exit  was  made  after  dark.  The  stra- 
tocumulus  between the  two  radar rings  consist,ed of well- 
formed  concentric  horizontal rolls and  appeared  to  be 
unusually  low. The ocean surface  was  not  visible  t’hrough 
the  strat’ocumulus so that we have  absolutely  no  infor- 
mation  on  the  distribution of wind  between  the  inner  and 
outer  rings.  Unfortunately,  the  research  aircraft of the 
National  Hurricane  Research  Project  did  not  enter  Donna 
on this  day. 

There was a  thick  layer of cirrus  or  high  altostratus 
extending out  from  the  inner  core  and  covering  the  area 
between the  two  rings.  The  inner core of the  storrn  was 
described by  one of the  pilots as resembling  a giant  “tastee 
freeze”.  Inside  the  inner  ring,  the  st’ratocurnulus  was 
nearly  overcast but  the  sea  surface  could  be  seen  in  spots. 
Cirrus  was  absent  over  most of the  inner  “eye”  and  there 
were  no  clouds above  the  stratocumulus  which,  in  this 
area,  extended  to  about  6,000  ft. 

A photograph of t h e   A P S 4 5  scope taken  during  the 
penetration of the  inner  radar  ring (while the  radar was  on 
horizontal  scan) is shown in figure 3. The  “clear”  ring 
shows up nicely but it is  shown as being  somewhat  nar- 
rower than  indicated  in  figure 1. This difference  is not 
surprising  in  view of the  shorter  wavelength of this  radar 
and  the  fact  that  the  aircraft  was  much closer to t’lle 
cloud systems. The  narrowest  portion of the  “clear”  ring 
and  the  greatest  suggestion of a  connection  is  shown om 
the  north  side of the  center.  This is almost  directly  op- 
posite to  what  was  shown  in  figure 1 but  there is a t’irrle 
difference of a little  more  than  2  hours  between  these  two 
phot>ographs. 

The “double  eye” structure was  observed  throughout  a 
period of about 5 hours  when  the  afternoon  flight of 
September  6  had  the  hurricane on its  radar.  The  inner 
ring  appeared to be  weakening  as  t,he  aircraft  moved  away 
from the  storm  but  it  was  noted  on  the  subsequent  flight 
a  few  hours  later.  Limited  information is available  from 
this  later  flight  because  t’he  radar  was  not  funct’ioning 

properly.  The  eye  reorganized  during  the  night  and  on 
t’hc following day  an  orthodox  eye was found  wit’h a 
diameter of about 25 miles. About 12 hours  prior  to  the 
time of figures 1 and 2, there  was  no  evidence of a  “double 
eye” and the eye  diameter  was  reported  as 20 miles. 

A rather poorly  documented case  of a  “double  eye” was 
reported  in  a  hurricane of 1947 [3] and  the  same  type of 
structure  has been reported  in  several  typhoons  in  recent 
years.  Fortner [l] described  typhoon  Sarah of 1956 a t  
the  time  when  it  had  “an  eye  within  an  eye”. I n  some 
of t’he  spectacular  typhoon  cases,  the  inner  convective 
system  appears  as  a  giant  cunluloninlbus  centered  in  a 
large  “eye”.  The  “inner  eye”  within  the  cumulonimbus 
vortex  has  been  observed  to  be  as  small  as  2 miles. In 
these  cases,  winds well in  excess  of typhoon  force were 
observed  in the  relatively  clear  space  separating  the  inner 
and  outer wall  clouds. In  other cases in  recent  years [2], 
the  radar  has  indicated  a  very  narrow  ring of relatively 
weak  return  just  outside a ring-shaped  wall  cloud but 
these  weak  areas were not  apparent from visual  observa- 
tions  made  from  the  reconnaissance  aircraft. 

To our  knowledge,  all  cases of “double  eyes”  in  intense 
tropical cyclones have been of the  concentric  type.  There 
are  often  radar  features,  the so-called  “false  eyes”, out- 
side the  storm core  which  could  be misinterpreted  as  the 
eye of the  storm  by inexperienced  observers.  These, 
however,  do not  have closed circulations  about  them  and 
are hardly  det’ectable, if a t  all,  in the wind and pressure 
fields. 
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